In an effort to control the high prevalence of vitamin A deficiency in Ghana, which studies have shown to be of public health significance, a number of interventions are being pursued. Periodic, massive-dose supplementation strategy, developed as a short-term life-saving intervention, is currently under way, either as part of the polio eradication program or combined with the existing health delivery system, schools, or communitybased infrastructures. This has been successfully accomplished, and therefore the stage is set for the design and implementation of a long-term, sustainable solution. This is important in order to make the transition from a subsidized periodic capsule-distribution effort to a more sustainable food-based intervention, which could supply other vital nutrients as well as vitamin A in the diet. This report describes a proposal for a food-based strategy against a backdrop of low consumption in spite of the relatively high availability of some vitamin A-rich foods in most parts of Ghana. The aim is to improve vitamin A status of vulnerable groups through increased production, availability, and consumption of vitamin A-rich foods. The proposal is therefore to undertake a range of food-based interventions that will include horticultural interventions that aim to increase production and availability of vitamin A-rich foods, such as dark-green leafy vegetables and orange-colored fruits and vegetables and tubers in the diet of Ghanaian households. There will also be a comprehensive behavior change and communication strategy, to raise awareness of the causes and consequences of vitamin A deficiency and the need for consumption of adequate vitamin A-rich foods at the household level. Further emphasis will be placed on efforts to promote consumption of red palm oil, since this oil is generally available and not subjected to acute seasonal shortages. A phased community-based program will be implemented in four districts during the next three years, with the aim of applying lessons learned to the rest of the country. The monitoring framework will cover the planning process, provision of services, utilization of services, and coverage of target groups. These dietary approaches offer long-term sustainable options for improving the quality of family diets and overcoming vitamin A deficiency.
Introduction
The Ghana Ministry of Health has identified vitamin A deficiency as a major public health problem that should be addressed in recognition of the adverse effects of vitamin A deficiency on the health and survival of at-risk groups. A number of data sources and studies have reported a high prevalence of vitamin A deficiency in the country, including the World Health Organization (WHO) updates on global prevalence of vitamin A, which indicate that Ghana has a severe deficiency problem [1] . The Ghana Vitamin A Supplementation Trial (Ghana VAST) studies conducted in the northern part of the country also provided prevalence data indicating that about 65% of children suffer severe vitamin A deficiency [2] .
The 1997 Ministry of Health 1997 national vitamin A deficiency prevalence survey, which assessed the vitamin A situation in the southern sector of the country, reported that a high proportion of the children studied were vitamin A deficient. The prevalence survey conducted in all seven regions in the southern zone reported that although night-blindness was rarely seen, an average of 37.2% of the studied population had low serum levels of vitamin A, and the major determinants of the observed deficiency included low availability and inadequate consumption of the local vitamin A-rich foods.
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Supplementation
A number of strategies are used currently in the periodic mass distribution of vitamin A. A six-monthly distribution is done with one round linked with the mass campaign administration of polio vaccine during National Immunization Days (NIDS). The second round of distribution uses community-based volunteers, health service contacts, or schools in the child-to-child approach. Although it has been successfully implemented, this periodic, massive-dose supplementation approach has been subsidized by external support and is therefore not sustainable in the long term.
Food-based interventions
With the supplementation program under way, the groundwork has been established and the stage is now set for a food-based intervention, proposed in the national vitamin A deficiency control framework as the long-term option. It is crucial that a food-based option is put in place to make a gradual transition from supplementation to strategies that will address the underlying cause of inadequate intake of vitamin A.
The challenge facing the vitamin A deficiency control program, however, is that in spite of the relatively high availability of some vitamin A-rich foods in Ghana, their consumption has been low. The Ministry of Health prevalence survey revealed that only 19% of the population consumed dark-green leafy vegetables regularly. Despite its relatively wide availability, children rarely consumed red palm oil, and less than 40% of households consumed red palm oil in adequate quantities.
The Kintampo dietary trial, which studied the availability of local foods, acquisition, preparation, and food-consumption patterns of children, explored acceptability of the improved practices involving feeding meals improved with palm oil, and identified barriers to implementation of the strategy by mothers, provided insight into some of the potential food options. The results showed that a large variety of dark-green leafy vegetables were available to families and were mostly collected wild and preserved by direct sun-drying [3] .
Barriers to adequate consumption were found to include cash, since it was the perception of respondents that vitamin A-rich sources, especially red palm oil, are expensive compared with household income levels which are low. Seasonal shortage in supply of vitamin A-rich foods, including mangoes, was also found to be an important contributory factor, because these foods are not preserved and traditional cooking methods were found to result in losses of vital nutrients [3] .
Proposal for food-based intervention
The availability of vitamin A-rich foods and the fact that these foods are appreciated and there are no cultural barriers to their consumption indicate that there may be a potential for dietary intervention for improving the vitamin A intake of vulnerable groups in these areas. These reports and other anecdotal data on diet culture and food-processing practices have indicated that fortification conditions do not exist, and therefore there is the need to look for an appropriate food vehicle, taking into account local and traditional dietary preference and processing practices.
The proposed long-term solution is dietary diversification, which will include horticultural interventions to increase the production and availability of vitamin A-rich foods, such as dark-green leafy vegetables and orange-colored fruits and vegetables. Horticultural interventions involving home gardening have been shown to be an effective approach to increasing production and consumption of foods rich in β-carotene [4] [5] [6] [7] . Since they address the most important determinant of inadequate dietary intake, food-based approaches to improve vitamin A intake are the most rational, appropriate, and sustainable strategies to control vitamin A deficiency [6] .
Another horticulture option proposed, in collaboration with the Ghana Crops Research Institute, is the evaluation and promotion of high-yielding varieties of sweet potatoes that mature within three to four months. This will entail the evaluation of orange-and yellow-fleshed sweet potato varieties locally available across the country and germplasm obtained from the International Potatoes Centre (CIP) in Kenya in farms in selected communities using the participatory approach. The preferred varieties will be promoted and some will be processed into gari to assess the acceptability of the different varieties to consumers. There will also be a promotion to increase use in areas where sweet potatoes are already consumed as snacks.
Further emphasis will be placed on efforts to promote the consumption of red palm oil, since it is generally available in Ghana; the Kintampo dietary study reported a high acceptability by consumers, and it is not subjected to acute seasonal shortages [3] . The oil palm is also the richest known dietary source of β-carotene with high bioavailability [8, 9] , and it would provide an increased intake of dietary fat for the people in these target groups, who consume a low amount of fat. In addition, studies have shown that red palm oil is effective in increasing retinol levels in populations with marginal vitamin A deficiency [10] . The focus will be on management of proper distribution of available red palm oil from highproducing sites to other parts of the country and promotion of increased use and consumption. The effectiveness of adding palm oil to supplementary foods given to children aged six months to 5 years will be explored using the Trial of Improved Practices (TIPs) approach.
There is also a need for communication programs to improve practices related to consumption of the available vitamin A-rich foods. An intensive socialmarketing strategy is particularly essential, since the current strategy for behavior change is limited to raising awareness of the benefits of vitamin A supplementation. Social marketing has been shown to be effective in promoting the consumption of carotene-rich foods and significantly reducing vitamin A deficiency [11] . Sustained improvements in the consumption of vitamin A-rich foods and fat have been demonstrated among targeted groups [12] .
The social-marketing and behavioral change communication strategies include developing promotional messages in the mass media to create awareness of vitamin A deficiency and its consequences, the importance and benefits of vitamin A. The trained media practitioners who are currently part of the supplementation program will be involved in the behavioral change communication efforts. Health and agriculture extension workers at the district and subdistrict levels will be the front-line staff involved in interpersonal communication and provision of technical information on gardening and organization of demonstration classes.
Thus the program will undertake a range of dietarybased interventions that will promote carotene-rich food production and a comprehensive behavioral change and communication strategy, to raise awareness of the causes and consequences of vitamin A deficiency and the benefits of consuming adequate vitamin A-rich foods at the household level.
Goals and aims
The proposed dietary intervention aims to improve the vitamin A status of vulnerable groups through increased production, availability, and consumption of vitamin A-rich foods.
Objectives

» To improve household availability of vitamin A-rich
foods through increased production by promoting community, home, and school vegetable gardens and planting fruit trees;
» To use the social-marketing approach to improve production, availability, and consumption of vitamin A-rich foods at the household level. To achieve these two broad objectives, the following specific objectives will be pursued: » To develop a social-marketing strategy to promote the production and consumption of vitamin A-rich foods; » To improve the frequency of consumption of vitamin A-rich foods among children under five years of age; » To improve awareness of the consequences of vitamin A deficiency and caregivers' knowledge of the benefits of consumption of vitamin A-rich foods; » To develop a social-marketing strategy to promote the production and consumption of vitamin A-rich foods. » To increase the consumption of red palm oil through the use of social-marketing; » To develop, produce, and promote the consumption of suitable varieties of yellow-fleshed sweet potato.
Methods and strategies
A community-based approach focusing on activities that will improve the production and consumption of foods rich in carotene at the household level will be implemented in four districts in four selected regions in Ghana during the first phase. Lessons learned during this phase will be used as a model that will be applied to other parts of the country. The selection will take into consideration the geographic and ecological zones, urban-rural classification, and ethnic groupings. Community groups will be chosen in consultation with local politicians from the district assemblies and other local leaders.
Because community involvement and participation in the process are crucial to the long-term sustainability of the program, the implementation will entail community-based action programs, including consensus building and planning sessions, introduction of home gardens at the household level and school gardens, and planting of fruit trees by making seeds and seedlings available. Home gardening is not new in Ghana and is a traditional family food-production system widely practiced in many communities for growing vegetables and fruit trees. Studies have shown that home gardens in rural areas can increase both the production and the consumption of carotenerich foods [6] and can increase micronutrient intakes [13] .
Consensus-building meetings and consultative workshops will be held to bring implementers at all levels and collaborators together. These will culminate in a national consultative workshop that will discuss and finalize the strategy document as well as advocate for support. Advocacy and follow-up meetings will be organized at the district up to the community levels and with collaborating ministries, including ministries of Agriculture, Education, and Environment to solicit their cooperation and participation. A semiquantitative dietary survey and a knowledge, attitudes, and practices (KAP) survey will be undertaken to provide additional baseline data.
Preparatory activities will be undertaken, such as training in home gardening methods, demonstration classes, and provision of technical information in handouts and pamphlets, by a core group of trainers formed at the district and subdistrict levels to ensure successful gardening and achieving high yields. Issues on utilization that border on processing and preservation will be addressed during the initial training and in follow-up refresher sessions to address seasonal variability of the production and supply of fruits and vegetables.
Marketing techniques using the mass and print media and interpersonal behavioral change communication approaches to community groups will be implemented. A series of training workshops will be undertaken that will focus on imparting communication skills, project management skills, and technical gardening skills. Technical information on improved food production and preparation at the household level, community mobilization, and participatory skills will also be given. High-quality seeds and seedlings will be provided during the planting seasons to facilitate the start-up of gardens.
Community involvement and participation in the entire process will be encouraged to empower members and ensure community ownership and maintain continuity of the program. Partners at the community level will include women's groups, church groups, schoolchildren, and other functional groups.
To set the stage for the development of creative educational messages and social-marketing strategies, formative research will be carried out to study existing knowledge, attitudes, practices, and beliefs with regard to vitamin A deficiency. A number of advertising agencies will be contracted to develop, pretest, and launch communication materials.
Monitoring and evaluation
The implementation process will be monitored to assess progress and review strategies and logistics management throughout the lifespan of the project and at the end of the three-year period; impact evaluation will be undertaken using both qualitative and quantitative methods. The monitoring framework will cover the planning process, service provision, and use of services and coverage of target groups. There will be quarterly monitoring of the trained program staff and of the number of campaign materials produced and distributed, the number and frequency of campaigns, the trends in consumption of vitamin A-rich foods, the proportion of caregivers knowledgeable about vitamin A deficiency, the proportion of target group exposed to messages, and the proportion of target groups consuming vitamin A-rich foods. In addition, adequacy and timely supply of garden supplies such as seed and seedlings will be monitored.
Data-collection methods will include routine reports from the regions and districts, market survey training session evaluation, and quarterly supervisory visits to sites using checklists, KAP, and dietary intake surveys. Periodic household surveys will assess the impact of the intervention, focusing on behavioral indicators, increases in production, and changes in vitamin A status in the four pilot districts.
Program management
The Public Health Division of the Ministry of Health in collaboration with USAID, MOST (the USAID micronutrient program), and UNICEF will facilitate an intersectoral network to design and implement the intervention in four selected regions. The overall coordination and monitoring support will be provided by the Multisectoral National Technical Vitamin A Committee that has been formed with representation from the Ministry of Health, the Ministry of Agriculture (Crops Services), the Women in Agriculture Development (WIAD), the Crops Research Institute, and the Adventist Relief Agency.
The focal point of implementation will be the Nutrition Unit of the Ministry of Health, which will play a coordinating role. At the national level, the Head of the Nutrition Unit will be the program director and the micronutrient program coordinators will provide coordination support. The existing staff of the Ministry of Health, the Ministry of Agriculture, and the Crops Research Institute will provide coordinating, training, logistics management, and monitoring support at all levels of implementation. The multisectoral committee will also be formed at regional and district levels to oversee the implementation process.
Conclusions
In Ghana, in spite of an existing successful supplementation program, the high dependence of this component on external support makes its sustainability questionable, and thus there is a need to explore other options. A shift of focus is essential to strategies that will address the low availability and inadequate intake of food sources of vitamin A activity. The added advantage of a food-based approach, which makes it imperative that efforts be made to implement these interventions, is that it is culturally more acceptable and appropriate and could provide other nutrients that are usually also deficient in the diet. Community involvement and participation in the process, including the training components and other inputs, will also empower communities to sustain the program. The program will promote the use of available sources of carotene, including fruits, vegetables, and red palm oil, which is abundant in the South, and explore the promotion of orange-fleshed sweet potatoes. In the long term, the national program must implement food-based options along the lines outlined above to complement and eventually replace vitamin A supplementation.
